Abstract In this paper, we introduce the concept of lattice valued double fuzzy syntopogenous structures in framework of double fuzzy topology (proximity and uniformity). Some fundamental properties of them are established. Finally, a natural links between double fuzzy syntopogenous structure, double fuzzy topology, double fuzzy proximity and double fuzzy uniformity are given.
Introduction and preliminaries
and Sˇostak (1985) introduced the notion of (L-) fuzzy topological space as a generalization of L-topological spaces (originally called (L-)fuzzy topological spaces by Chang (1968) and Goguen (1973) . It is the grade of openness of an L-fuzzy set. A general approach to the study of topologicaltype structures on fuzzy powersets was developed in Ho¨hle (1980) , Ho¨hle and Sˇostak (1995) , and Kubiak (1985) .
As a generalization of fuzzy sets, the notion of intuitionistic fuzzy sets was introduced by Atanassov (1986) . Recently, Ç oker (1997) and Ç oker et al., 1996 introduced the notion of intuitionistic fuzzy topological space using intuitionistic fuzzy sets. Samanta and Mondal (2002) introduced the notion of intuitionistic gradation of openness which a generalization of both of L-fuzzy topological spaces and the topology of intuitionistic fuzzy sets (Ç oker, 1997) .
Working under the name ''intuitionistic'' did not continue because doubts were thrown about the suitability of this term, especially when working in the case of complete lattice L. These doubts were quickly ended in 2005 by Garcia and Rodabaugh, 2005 . They proved that this term is unsuitable in mathematics and applications. They concluded that they work under the name ''double''. Csaszar (1963) gave a new method for the foundation of general topology based on the theory of syntopogenous structure to develop a unified approach to the three main structures of set-theoretic topology: topologies, uniformities and proximities. This enabled him to evolve a theory including the foundations of the three classical theories of topological spaces, uniform spaces and proximity spaces. In the case of the fuzzy structures there are at least two notions of fuzzy syntopogenous structures, the first notion worked out in (Katsaras, 1988 (Katsaras, , 1985a (Katsaras, , 1983 ) presents a unified approach to the theories of Chang (1968) fuzzy topological spaces, Hutton fuzzy uniform spaces (Hutton, 1977) , Katsaras fuzzy proximity spaces (Katsaras, 1985b (Katsaras, , 1980 (Katsaras, , 1979 and Artico fuzzy proximity (Artico and Moresco, 1984) . The second notion worked out in Katsaras (1991 Katsaras ( , 1990 ) agree very well with Lowen fuzzy topological spaces (Lowen, 1976) , Lowen-Hohle fuzzy uniform spaces (Lowen, 1981) and Artico-Moresco fuzzy proximity spaces (Artico and Moresco, 1984) .
In this paper, we establish the concept of double fuzzy syntopogenous structures as a unified approach to theores of (Hohle and Rodabaugh) double fuzzy topology, double fuzzy proximity spaces and double fuzzy uniformity spaces. Some fundamental properties of them are established. Finally, the relationship among double fuzzy syntopogenous structures, double fuzzy topology, double fuzzy proximity and double fuzzy uniformity is studied.
Throughout this paper, let X be a nonempty set and L = (L, 6, Ú, Ù,^, >) a completely distributive lattice wherê (>) denotes the universal lower (upper) bound.
Definition 1.1. CQML, the category of complete quasi-monoidal lattices, (Rodabaugh, 2003) .
Comprises the following data, where composition and identities are taken from SET:
2) Morphisms: All SET morphisms preserves x, > and arbitrary Ú.
Definition 1.2. Categories related to CQML (Rodabaugh, 2003) .
(1) QUML, the category of quasi-uniform monoidal lattices is the full subcategory of CQML for which ‹ x ‹ is associative, commutative and ‹ > ‹ is identity. (2) DQML, the category of deMorgan quasi-monoidal lattices is the full subcategory of CQML for which * is an order-reversing involution and each morphism preserves the involution. (3) QUANT, the category of quantales is the full subcategory of CQML for which x is distributive over arbitrary joins, i.e., (4) CQUANT, the category of coquantales is the full subcategory of CQML for which x is distributive over arbitrary meets, i.e., (5) DQUAT, the category of deMorgan, quasi-uniform monoidal quantales. In this paper, for each (L, 6, x, *) 2 DQUAT, we define x¯y = (x * x y * ) * . (6) DBIQUAT = DQUAT \ T COQUANT. (7) CMVAL, the category of complete MV-algebra is the full subcategory of DBIQUAT for which it satisfies (MV) (x´y)´y = x Ú y, for all x, y 2 L where x´y is defined by x´y = Ú {zOEx x z 6 y} and x * = x´^. Definition 1.3 (Kim and Ko, 2008) . Let (L, 6, x,¯, *) 2 OEDQUATOE and / : X fi Y be a function. For each x,{y, z 2 L, y i OEi 2 C, f, g 2 L X and f i 2 L Y . we have:
(1) If y 6 z; ðx yÞ 6 ðx zÞ and ðx È yÞ 6 ðx zÞ: (2) x y 6 x^y 6 x _ y 6 x È y:
Definition 1.4 (Cetkin and Aygun, 2010) . The maps T ; T Ã : L X ! L is called double fuzzy topology on X if it satisfies the following conditions:
The pair ðX ; T ; T Ã Þ is called an double fuzzy topological space (dfts, for short).
Let ðX;
2. Double fuzzy topogenous order and double fuzzy topologies 
is double fuzzy semi-topogenous order on X. 
ðLST5Þ gðf 1 È f 2 ; gÞ P gðf 1 ; gÞ gðf 2 ; gÞ and g Ã ðf 1 È f 2 ; gÞ 6 g Ã ðf 1 ; gÞ È g Ã ðf 2 ; gÞ, ðLST6Þ gðf ; g 1 g 2 Þ P gðf ; g 1 Þ gðf ; g 2 Þ and g 
Others are easily proved. h Definition 2.7. A double fuzzy syntopogenous structure on XW is a non-empty family ! X W of double fuzzy topogenous orders on X satisfying the following two conditions: 
Definition 2.8. A double fuzzy syntopogenous structure ! X W is called double fuzzy topogenous if ! X W consists of a single element. In this case, ! X W = {(g, g * )} is called a double fuzzy topogenous structure, denoted by ! X W = {(g, g * )} = (g, g * ) and (X, ! X ) is called double fuzzy topogenous space.
A double fuzzy syntopogenous structure ! X W is called perfect (resp. biperfect, symmetric) if each double fuzzy topogenous order(g, g * ) 2 ! X is perfect (resp.respect, biperfect, symmetric).
Theorem 2.9. Let (g, g * ) topogenous order on X. The mapping
For each f, f 1 , f 2 2 L X and r, r 1 , r 2 2 L 0 , s, s 1 , s 2 2 L 1 , we have the following properties:
(1) C g;g Ã ð1 ; ; r; sÞ ¼ 1 ; .
(2) f 6 C g;g Ã ðf ; r; sÞ. (3) If f 1 6 f 2 ; then C g;g Ã ðf 1 ; r; sÞ 6 C g;g Ã ðf 2 ; r; sÞ. (4) C g;g Ã ðf 1 È f 2 ; r r 1 ; s È s 1 Þ 6 C g;g Ã ðf 1 ; r; sÞ È C g;g Ã ðf 2 ; r 1 ; s 1 Þ.
(5) If r 1 6 r 2 and s 1 P s 2 ; then C g;g Ã ðf ; r 1 ; s 1 Þ 6 C g;g Ã ðf ; r 2 ; s 2 Þ. (6) If ðX ; g; g Ã Þ is double topogenous space, thenC g;g Ã ðC g;g Ã ðf ; r; sÞ; r; sÞ 6 C g;g Ã ðf ; r; sÞ.
Proof. (1) Since g(1 ; , 1 ; ) = > and g Ã ð1 ; ; 1 ; Þ ¼ ? C g;g Ã ð1 ; ; r; sÞ ¼ 1 ; :
(3) and (5) are easily proved.
(4) Suppose that there exists f 1 , f 2 2 L X w such that
By the definition of C g;g Ã there exists g 1 , g 2 2 L X with
On the other hand,
r; sÞ: Since (X, g, g * ) is double fuzzy topogenous space, by (LS2) of Definition 2.7, there exists (g, g * ) such that g 6 g g and g * P g * g * . It follows
Hence, g Ã P C g;g Ã ðh Ã ; r; sÞ and h Ã P C g;g Ã ðf; r; sÞ: Thus, g Ã P C g;g Ã ðC g;g Ã ðf; r; sÞ; r; sÞ: So, C g;g Ã ðC g;g Ã ðf; r; sÞ; r; sÞ 6 C g;g Ã ðf; r; sÞ: Ã Theorem 2.10. Let (X, g, g * ) be a double fuzzy topogenous order space. Define the maps
¼^fs 2 L 1 j Cgðf Ã ; r; sÞ 6 f Ã g:
Proof. (LO1) clear.
(LO2) C g;g Ã ð1 ; ; r; sÞ ¼ 1 ; and C g;g Ã ð1 X ; r; sÞ
Lattice valued double syntopogenous structures
Put r = r 1 x r 2 and s = s 1¯s2 . By (4-5) of Theorem 2.9, we have
Consequently, T g ðf 1 f 2 Þ P r and T Ã g Ã ðf 1 f 2 Þ 6 s: Hence (LO3) holds.
(LO4) Suppose there exists a family {f j 2 L X OEj 2 C} such that
Put r ¼ĵ 2C r j and s ¼ _ j2C s j : By (4-5) of Theorem 2.9, we have 
Proof. 
It follows that
Þ is fuzzy continuous: 
By the topogenous continuity of / we have,
ðf; r; sÞÞ 6 g Ã : It is a contradiction for equation (A).
(
It implies
ðg; r; sÞÞ:
It is easily proved from Theorem 2.10. h 3. Double fuzzy quasi-proximities Definition 3.1 (Cetkin and Aygun, 2010) 
fi L is called a double fuzzy quasi-proximity on X if it satisfies the following axioms: (LP1) dðf ; gÞ 6 ðd Ã ðf ; gÞÞ 
Proposition 3.2
(1) Let (X, g, g * ) be a double fuzzy (resp. symmetric) topogenous space and let the maps
g Ã Þ is double fuzzy quasi-proximity space (resp. double fuzzy proximity space) on X.
* ) be a double fuzzy quasi-proximity space(resp. double fuzzy proximity space) on and let the mappings
Proof.
(1) Since g g P g and g * g * 6 g * . 
Ã ; r; sÞ 6 f Ã g:
Þ is said to be quasi-proximity continuous if
Theorem 3.6. Let ðX;
Þ is topogenous continuous. The triple ðX; U; U Ã Þ is said to be double fuzzy quasiuniform space.
A double fuzzy quasi-uniform space ðX; U; U Ã Þ is said to be a double fuzzy uniform space if it satisfies. 
Other cases are easily proved.
Definition 4.4. Let ! X be a double fuzzy biperfect syntopogenous structure on X. The mappings S; S Ã : ! X ! L is called double fuzzy syntopogenous structure on X if it satisfies the following conditions: for for ðg; g Ã Þ; ðg 1 ; g
The triple ðX; S; S Ã Þ is said to be double fuzzy syntopogenous space.
A double fuzzy syntopogenous space ðX; S; S Ã Þ is said to be double fuzzy symmetric syntopogenous space if it satisfies ðLSTÞ ; Sðg; g Ã Þ 6 _fSðn; n Ã Þ : n P g s and n Ã 6 g Ãs g;
S Ã ðg; g Ã Þ P^fS Ã ðn; n Ã Þ : n P g s and n Ã 6 g Ãs g: (1) The maps g a ; g Ã a 2 ! X is double fuzzy biperfect topogenous order.
(2) If a 6 b; then g b 6 g a and g
(3) If b 6 a 1 a 2 ; then g a 1 ; g a 2 6 g b and g
(4) For each a 2 XðL X Þ; we have ðg
Proof. (1) Since Wa(1 X ) = 1 X and a(1 ; ) = 1 ; , then g a (1 X , 1 X ) = g a (1 ; , 1 ; ) = >W and g
fÞ -? and g Ã a ðg; fÞ ->: Then g a ðg; fÞ ¼ > and g Ã a ðg; fÞ ¼ ? implies g 6 a(g) 6 f. Since g 6 g 1 and f 1 6 f implies a(g) 6 a(g 1 ), theng a ðg 1 ; f 1 Þ 6 g a ðg; fÞ and g Since
Others are similarly proved.
(2) Since WaðgÞ 6 bðgÞ; g b 6 g a and g
(3) Since a 1 x a 2 (g) 6 a 1 (g)¯a 2 (g)W we have a 1 x a 2 6 a 1 . From (2), g a1 6 g b and g Then ðS B ; S Ã B Ã Þ is double fuzzy (resp. double fuzzy symmetric) syntopogenous structure on X.
Theorem 4.7. Let U; U Ã : XðL X Þ ! L be a double fuzzy quasiuniformity on X.
is defined by C U;U Ã ðf; r; sÞ ¼^faðfÞ : UðaÞ P r and U Ã ðaÞ 6 sg:
For each f, f 1 , f 2 2 L X , r, r 1 , r 2 2 L 0 and s, s 1 , s 2 2 L 1 , we have the following properties:
(1) C U;U Ã ð1 ; ; r; sÞ ¼ 1 ; , (2) f 6 C U;U Ã ðf ; r; sÞ, (3) iff 1 6 f 2 ; then C U;U Ã ðf 1 ; r; sÞ 6 C U;U Ã ðf 2 ; r; sÞ, (4) C U;U Ã ðf 1 È f 2 ; r r 1 ; s È s 1 Þ 6 C U;U Ã ðf 1 ; r; sÞ È C U;U Ã ðf 2 ; r 1 ; s 1 Þ, (5) ifr 1 6 r 2 and s 1 P s 2 ; then C U;U Ã ðf 1 ; r 1 ; s 1 Þ 6 C U;U Ã ðf 2 ; r 2 ; s 2 Þ, (6) C U;U Ã ðC U;U Ã ðf ; r; sÞ; r; sÞ 6 C U;U Ã ðf ; r; sÞ.
Proof
(1) Since Wað1 ; Þ ¼ 1 ; ; C U;U Ã ð1 ; ; r; sÞ ¼ 1 ; : (2) Since Wf 6 a(f), W implies Wf 6 C U;U Ã ðf ; r; sÞ; (3) and (5) 
On the other hand, Uða 1 a 2 Þ P Uða 1 Þ Uða 2 Þ P r r 1 ; U Ã ða 1 a 2 Þ 6 U Ã ða 1 Þ È U Ã ða 2 Þ 6 s È s 1 and (a 1 x a 2 )(f 1¯f2 ) 6 a 1 (f 1 )¯a 2 (f 2 ), we have C U;U Ã ðf 1 È f 2 ; r r 1 ; s È s 1 Þ 6 ða 1 a 2 Þðf 1 È f 2 Þ 6 a 1 ðf 1 Þ È a 2 ðf 2 Þ: It is a contradiction.
(6) Suppose there exist Wf 2 L X , r 2 L 0 and s 2 L 1 such that C U;U Ã ðC U;U Ã ðf; r; sÞ; r; sÞ i C U;U Ã ðf; r; sÞ:
There exists a 2 X(L X )W with UðaÞ P r and U Ã ðaÞ 6 s; ‹ such that ‹ C U;U Ã ðf; r; sÞ 6 aðfÞ: On the other hand, UðaÞ P r and U Ã ðaÞ 6 s; by (LSU3), there exists a 1 2 X(L X )
‹ such that a 1 a 2 6 a; Uða 1 Þ P r and U Ã ða 1 Þ 6 s. W Since 
Þ is quasi-uniformly continuous. (2) and (3) are similarly proved as Theorem 2.13. h Theorem 4.12. Let ðX; S; S Ã Þ be a double fuzzy syntopogenous space. The mapping
is defined by C S;S Ã ðf; r; sÞ ¼^fg : gðf; gÞ >?; g Ã ðf; gÞ 6 >; Sðg; g Ã Þ P r and S Ã ðg; g Ã Þ 6 sg:
For each Wf, f 1 , f 2 2 L X , r, r 1 , r 2 2 L 0 and s, s 1 , s 2 2 L 1 ,we have the following properties:
(1) C S ; S Ã ð1 ; ; r; sÞ ¼ 1 ; ; (2) f 6 C S ; S Ã ðf ; r; sÞ; (3) if f 1 6 f 2 ; C S ; S Ã ðf 1 ; r; sÞ 6 C S ; S Ã ðf 2 ; r; sÞ; (4) C S ; S Ã ðf 1 È f 2 ; r r 1 ; s È s 1 Þ 6 C S ; S Ã ðf 1 ; r; sÞ È C S ; S Ã ðf 2 ; r 1 ; s 1 Þ; (5) if r 1 6 r 2 and s 1 P s 2 ; then C S ; S Ã ðf ; r 1 ; s 1 Þ 6 C S ; S Ã ðf ; r 2 ; s 2 Þ; (6) C S ; S Ã ðC S ; S Ã ðf ; r; sÞ; r; sÞ ¼ C S ; S Ã ðf ; r; sÞ. (2) Since Wf 6 g for gðf; gÞ ? and g Ã ðf; gÞ 6 >; f 6 C S ; S Ã ðf; r; sÞ:
(3) and (5) 
